We present a review of our recent research on the use of photonic crystal fibers (PCFs) to manipulate the propagation of ultrashort pulses. The combination of a high nonlinear coefficient and unusual wavelengthdependent group-velocity-dispersion "landscapes", together with the ability to taper the properties along the fiber by thermal post-processing, allows observation of many interesting effects. These include generation of THz trains of equidistant sub-50 fs pulses, highly efficient supercontinuum generation from the UV to the IR, soliton collisions and observation for the first time of a soliton blue-shift, counteracting the Ramanrelated soliton self-frequency shift.
INTRODUCTION
The unique guiding properties of solid-core photonic crystal fibers (PCFs) have created new opportunities for the study of nonlinear pulse propagation, resulting in many new applications and experiments. The light is tightly confined to a small area of glass, thus enhancing interactions between the light and the silica glass [1] . At the same time the demand for new types of fiber-based light source has grown steadily. This provides the motivation for this presentation: The study of pulse propagation in PCFs with unconventional engineered dispersion landscapes. For this study, many different PCF designs were realized by postprocessing stock PCFs. Additionally, numerical modelling assisted in understanding the governing physical mechanisms.
PULSE-TRAIN GENERATION
The interplay between core and cladding geometry can be adjusted to achieve efficient supercontinuum generation, novel pulse-shaping mechanisms or nonlinear wavelength conversion. Here we report on novel temporal modulations occurring in short lengths of highly nonlinear PCF. In optical fibers the pulse shape is usually governed by the interplay between nonlinearity and dispersion. In small-core PCF nonlinearity can dominate, with the result that soliton formation is initially suppressed. Instead, a train of ultrashort pulses develops, with repetition rates in the THz region. In Fig. 1(a) we show the recorded FROG spectrogram of a 8 kW, 110 fs pulse after propagating along 4 cm of PCF. The retrieved temporal and spectral shape and phase function are shown in Figs. 1(b) and (c). We demonstrate the generation of a train of 50 fs pulses, with a repetition rate as high as 14 THz. We discuss the tunability of the pulse-train parameters by the laser and fiber parameters. A more detailed study can be found in [2] . 
LOW-THRESHOLD SUPERCONTINUUM GENERATION
PCFs can easily be fabricated with core diameters less than 1 μm, resulting in a very high nonlinear coefficient [3] . In Fig. 2 we show the frequency dependence of the group-velocity dispersion (GVD) and the nonlinear coefficient. Short lengths of such PCF can be used to control the spectrum of laser pulses, at low threshold pump powers. Although the pump wavelength itself does not influence the spectral width, it does allow control of the relative conversion efficiencies into UV and IR dispersive waves. In Fig. 3 we show experimental spectra for different input powers, covering the visible spectral range [4] . This has proven very useful for generating supercontinua at repetition rates in the range of several GHz [5] . 
SOLITON COLLISIONS IN SUB-MICRON-CORE PCF
The unique dispersion shape and the large nonlinearity (Fig. 2) of the PCF can trigger novel soliton dynamics. Pulses launched at the wavelength of peak anomalous dispersion break up into multiple solitons, leading to unexpectedly strong inter-soliton interactions (Fig. 4) . After the pulse breakup at around 2 cm, two solitons copropagate (labelled B and C in Fig. 4(a) ). The proximity of the two zero-dispersion points leads to strong inter-soliton interactions [6] , and the soliton collision at 27 cm results in an increase in energy transfer to linear resonant radiation by more than 25%, ultimately annihilating the soliton. 
SOLITON BLUE-SHIFT IN TAPERED PCFS
Here we discuss the behaviour of light in PCFs with properties (dispersion and nonlinearity) that vary continuously along the fibre. This gives rise to unconventional effects. For example, the blue edge of the supercontinuum can be extended considerably, reaching far into the UV (Fig. 5) . The effect is maximum when the pump wavelength is in the normal dispersion region at the fibre input, and terminates when the solitons approach the long-wavelength ZDW. The changing dispersion landscape has an unexpected influence on these solitons. They undergo a strong blue-shift, thus counteracting the well-known soliton self-frequency shift to longer wavelengths. So far we observed soliton blue-shifts of around 400 nm [7] . 
